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$\frac{\frac\partial u\partial v\partial t}{\partial t}+u\frac{\partial x\partial u\partial v}{\partial x}+v\frac{\partial v\partial y}{\partial y}+u\frac+v\frac{\partial u}{}==\frac\triangle v-\frac{\frac{\partial p}{\partial p\partial x}}{\partial y}+f_{2}\frac{1}{R,R1}\triangle u-+f_{1},$
’
$\frac{\partial u}{\partial x}+\frac{\partial v}{\partial y}=0$.
. , $(u, v),p,$ $R$ , , Reynolds .
. “ 2 ’)’) $\mathrm{T}_{\alpha}\equiv[-\pi/\alpha, \pi/\alpha]\cross[-\pi, \pi]$
. , $x$ $y$
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. $\alpha$ . $f_{1}$ $f_{2}$
. $[4, 9]$
Navier-Stokes , . Reynolds
(DiPerna and Majda [1] ). ,
. Kolmogorov ( [9] ).
$Rarrow\infty$ \searrow (Hiemenz
Homann 1 ) .
$[5, 6]$ , 2 $[9, 10]$
, .
.
, $(f_{1}, f_{2})=( \frac{1}{R}\sin y, 0)$ , , $(u, v)=(\sin y, 0)$ .
. $[4, 9]$
. . [2] . Reynolds
, ( )
,
. $[10, 11]$ , , .
, , . ,
$\mathrm{a}$ , .
, ,
. [3] , . ,
$\psi=-\cos(\alpha x)-\cos(y)$ , $(u, v)=(\psi_{y}, -\psi_{x})$ . (1)
( , ). Navier-Stokes
$-R\triangle\psi_{t}+\triangle^{2}\psi+RJ(\psi, \triangle\psi)=g$ , (2)
. $\triangle$ Laplace $\overline{\partial}^{\mathrm{T}}\partial^{2}x+=\partial y\partial^{2}$ , $J$ 2 :
$J(p, q)=p_{x}q_{y}-p_{y}q_{x}$ ,
$g$ (1) :





























1 $\alpha=1$ , (1) . , ,
Reynolds , $tarrow\infty$ , (1)
.
[8] . , $\alpha=1$
.
. , $\mathrm{T}_{\alpha}$ T . ,
$\mathrm{u}(x, y)=(\sin(\alpha x/2), 0)$ .
, , $0<\alpha<1$ .
. $S$ . T
$\mathrm{T}_{1/\alpha}$ ,
$(S\phi)(t, x, y)=\phi(\alpha^{-2}t, -y/\alpha, x/\alpha)$ ,
. , (3) $g$ g , $F$
$F(\alpha, \phi)=\alpha^{-2}\{-R\triangle\phi_{t}+\triangle^{2}\phi+RJ(\phi, \triangle\phi)-g_{\alpha}\}$ .
.
$S(F(\alpha, \phi))=\alpha^{2}\{-RS(\triangle\phi_{t})+\triangle^{2}(S\phi)+RJ(S\phi, \triangle(S\phi))-g_{1/\alpha}\}=F(\alpha^{-1}, S\phi)$ .
. , $\mathrm{T}_{\alpha}$ $\mathrm{T}_{1/a}$ $\dot{\mathrm{a}}$ 1 1
. , $\alpha$ Reynolds $1/\alpha$ Reynolds
.
3
[9] . , (2)
:
$\psi=\sum_{m=-M}^{M}\sum_{n=-N}^{N}a(m, n)\exp(im\alpha x+iny)$ .
[9] $\psi(-x, -y)\equiv\psi(x, y)$ . 0 $7\leq\alpha<1,0<R<$
$500$ $M=N=16$ . $\alpha$
, $R$ $M$ $N$ .
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Reynolds , 2 . Reynolds $\alpha$
, $\alphaarrow 1$ $\infty$ . $\alphaarrow 0$ Reynolds $\sqrt{2}$
. Gotoh and Yamada [3] Reynolds 1 ,
,
. , $x$
$2\pi/\alpha$ , $y$ $2\pi$
. ( )
$\alphaarrow 0$ Reynolds $\sqrt{2}$
: $\alphaarrow 0$ , (3) $g$ $\cos(y)$ . , $g=-\cos(y)$ ,
Reynolds $\alphaarrow 0$ $\sqrt{2}$ [4] .
$\mathrm{a}(1,1)$
$\mathrm{R}$
3: $\alpha=0.8$ . Fourier $a(1,1)$ , $a(1,0)$ . $M=$
$N=16$ . 4 .
$\alpha=0.5,0.7,0.8,0.95,0.97,0.98$ . ,
. , $R$ , Fourier $a(1,1)$ $a(1,0)$
. $\alpha=0.5,0.7,0.8$ , $\alpha=0.8$
3 . ( $=$ ) . $R=$
$8.064\cdots$ , (transcritical) . $R=3.94$
(li $\mathrm{t}$ point) . $R\geq 3.94\cdots$ $R$
3 . $R$ , $R\leq 1\mathrm{O}\mathrm{O}\mathrm{O}\mathrm{O}$
. 6 4 .
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5: $\alpha=0.8,0.95,0.98$ . $M=N=16$
$\alpha$ . ,
$\alphaarrow 1$ . $\alpha=0.99$ 3
( 8). $\subset$ ( $\alphaarrow 1$ ) $R$
( 9). $\alpha\geq 0.999$ ( 9).
. 10 $\alpha$
.
. $\alpha<0.5$ . ,
, 2 . 11 .
4 $Rarrow\infty$
$Rarrow\infty$ . 2
, 3 , $a(1,1)$ $R$ ,
$a(1,1)$ I . $R$
. , $a(1,1)$ $a(1, -1)$
, $R$ . , Fourier
75
$\mathrm{a}(1,1)$ $\mathrm{a}(1,0)$
6: $\alpha=0.97$ 098 . $\alpha=0.98$ .
7: $0.97\leq\alpha\leq 0.98$ . $R\leq 1\mathrm{O}\mathrm{O}\mathrm{O}$
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8: $0.98\leq\alpha\leq 0.99$ . $R\leq 1\mathrm{O}\mathrm{O}\mathrm{O}$ . $\alpha=0.99$ 3
.
$\mathrm{a}(1,0)$




11: $\alpha=0.3$ . 3
78
. ,
$\lim_{Rarrow\infty}\frac{\psi}{R}=\mathrm{c}\mathrm{o}\mathrm{n}\mathrm{s}\mathrm{t}\mathrm{a}\mathrm{n}\mathrm{t}$ $\cross\sin\alpha x\sin y$ . (4)
. $\triangle\psi$ , $R=1\mathrm{O}\mathrm{O}\mathrm{O}\mathrm{O}$





. $(-\triangle)^{p}\psi(x, \pi/2)$ . $p=1.5$
. , $p=1.95$ 13 , .
$\alpha=0.8$ R=IC )000 $\alpha 4.8$ $\mathrm{R}=1\mathrm{C}$ $\mathrm{O}\mathrm{C}\sim \mathrm{O}$




$\triangle^{2}\psi+RJ(\psi, \triangle\psi)=R(\alpha^{3}-\alpha)\sin\alpha x\sin y-\alpha^{4}\cos\alpha x-\cos y$. (5)
. :
$\psi=AR\sin\alpha x\sin y+\psi^{(0)}+R^{-1}\psi^{(1)}+R^{-2}\psi^{(2)}+\cdots$ , (6)
$A$ . (5) , $R$ .
79
13: $(-\triangle)^{\mathrm{p}}\psi$ , $y=\alpha x,$ $-\pi/\alpha\leq x\leq\pi/\alpha$ . $p=1.5,1.95$ .
$M=N=36,$ $\alpha=0.8,$ $R=1\mathrm{O}\mathrm{O}\mathrm{O}\mathrm{O}$ .
(6) (5) , $R^{3}$ ,
. $R^{2}$
$AR^{2}\{J(\sin\alpha x\sin y,$ $\triangle\psi^{(0)})+J(\psi^{(0)}, \triangle(\sin\alpha x\sin y))\}$
$=AR^{2}J(\sin\alpha x\sin y,$ $\triangle\psi^{(0)}+.(\alpha^{2}+1)\psi^{(0)})$ , (7)
. $J(f, g)=-J(g, f)$ . ,
$\triangle\psi^{(0)}+(\alpha^{2}+1)\psi^{(0)}=F^{(0)}(\sin\alpha x\sin y)$ , (8)
$F^{(0)}$ .
$R$ ,
$A(\alpha^{2}+1)^{2}\sin\alpha x\sin y+J(\psi^{(0)}, \triangle\psi^{(0)})+$
$AJ(\sin\alpha x\sin y,$ $\triangle\psi^{(1)}+(\alpha^{2}+1)\psi^{(1)})=(\alpha^{3}-\alpha)\sin\alpha x\sin y$
. $\sin\alpha x\sin y$ T ,
$\int\int_{\mathrm{T}_{\alpha}}J(\psi^{(0)}, \triangle\psi^{(0)})\sin\alpha x\sin$ ydxdy $= \int$. $\int_{\mathrm{T}_{\alpha}}J(\sin\alpha x\sin y, \psi^{(0)})\triangle\psi^{(0)}$
$=$ $\int\int_{\mathrm{T}_{\alpha}}J(\sin\alpha x\sin y, \psi^{(0)})\{F^{(0)}(\sin\alpha x\sin y)-(\alpha^{2}+1)\psi^{(0)}\}$
80
$\ovalbox{\tt\small REJECT}$ $\oint]\ovalbox{\tt\small REJECT}_{\mathrm{o}}J(F^{(0)}(\sin\alpha x\sin y), \sin\alpha x\sin y)\psi$ dxdy
$-( \alpha^{2}+\mathfrak{y}\oint\ovalbox{\tt\small REJECT} J(\psi^{(0)}, \psi^{(0)})\sin\alpha x\sin$ydxdy $\ovalbox{\tt\small REJECT} 0$ .
. ,
$\int\int J(\sin\alpha x\cdot\sin y, \triangle\psi^{(1)}+(\alpha^{2}+1)\psi^{(1)})\sin\alpha x\sin$ ydxdy $=0$ .
,
$A( \alpha^{2}+1)^{2}\int\int\sin^{2}\alpha x\sin 2$ ydxdy $=( \alpha^{3}-\alpha)\int\int\sin^{2}\alpha x\sin 2$ ydxdy,
. ,
$A= \frac{\alpha^{3}-\alpha}{(\alpha^{2}+1)^{2}}$ (9)
, . $\psi^{(0)}$ ,
, . [7] .
(9) 14 ,
.
14: (9) . . $R=1\mathrm{O}\mathrm{O}\mathrm{O}\mathrm{O}$.
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